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LINER KXPAiJDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Topically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being sli C htly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or vail thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing • 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances vill become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention vill become apparent by 
reference to the folloving description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device vhich comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the tvo 
ends of said column at least one of said bearing plate members being longi- 
O tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention vill be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 
> Figures 1A, IB and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 5 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
10 surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
20 is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The ana members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 2k, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
30 inside surfaces of the arms 22 and the outside surface of expanding member 2*t 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 2k which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member & moves in a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the ohaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through porta 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 3U secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17- When the piston 34 
moves upwardly through the cylinder. 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 2k is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

t. 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower shoulder 
member 33 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member i8 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member kl provided with threads kl& and hit on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines k$ so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs kZ, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads lSa is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/ inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the coluxnna and is moved 
upwardly along the shaft by longitudinal movement of lover shoulder 3d as a 
result of revolving differential screw element 39- Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
vhich the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s/iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo*.e toward, or away 
from, each other as the load on the spring member varies. Lower sleeve 49a 
is prevented from moving down by lower shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
ringB mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/ or lateral deflection or columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columne fitted in the races 47. The col umns may be 
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fitted closely together as shown, cr may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
. columns employed will depend upon column characteristics and the materials of 
• construction. For example, the slenderness ratio of the column may be varied 
widely, and the column ends may be round, flat, fixes or hinged. The preferred 
construction is a thin, slender column vith rounded ends, free to move vi'thin 
the races shaped to the curvatu: e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper base alloys, auch 
) as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus, vith sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft lb. 

For example, a group of columns 0.l67-inch thick by 0.433-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I.S.I 
*O40 steel, quenched and drawn at 575 °F. Each column was found to require a 
critical compression loading of 450 pounds in order to buckle the column. 
After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P Q is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are npt anticipated, a working stress Just below the 
yield point may be used, while with, a great number of flexures, the working 
stress may be held to less than the endurance limit of the material of construc- 
tion, in the above-mentioned tests, the lateral deflection was limited to 



7362 88 

approximately one Inch, at which the longitudinal deflection was approximately: 
0.225 inches. Prom zero deflection to the maximum deflection, the 450-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 Inches by appropriately posl- 
tioning the stops. Upon compressionel loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.C4 inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, In designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2> with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool Is at the desired 
20 level, the veil tubing is revolved. The friction member U 2 engages with the 
wall of the caelng and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mo^d upwardly by differential 
screw >9 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 2k, and its tapered surface ia engaged with the tapered surface on 
the inside of the arms 22 to urge the anns outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 ^ foregoln « description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
h positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded met alli c liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
k member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pivotable outwardly therefrom to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly frcm said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 

10 members, whereby said arm members are urged outwardly by a substantially 

11 constant force. 

1 3. The device of Claim 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone member, stop means connected to said shaft to limit the axial 

7 travel of said movable bearing plate member along said shaft, and compression 

8 means for maintaining a lateral deflection in said columns. 
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1 h. The device of Claim 3 wherein said compression means comprises 

2 a differential screw connecting said spring member and said shaft. 

1 5. The device of Claim 3 wherein said stop means comprises a 

2 sleeve-like element connected to said movable bearing plAte member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve -like element. 

1 6, The device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7- A device for installing an expanded metallic liner in a conduit 

2 vhich comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of arm members disposed 
^ circumferentiaUy around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangu lar crosB-section and disposed circumferentially about 

9 said shaft; an upper bearing plate member and a lover bearing plate member, 

10 each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting said shoulder and said shaft to apply 
lh a buckling load to said columns; said- shoulder being engageable with the 

15 limiting sleeve connected to said lover bearing plate member, whereby the 

16 axial travel of said bearing plate members is limited; said column members 

17 transmitting their buc k ling load to said arm members to urge said arm members 
lfl outwardly with a substantially constant force. 
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tfyjjjjallj, • wu^ua ilMl Uft*T i» Xamt*4 la ft eoufadt Oiljfc U l/> W 
XUwt, vt* vmtamt imrUbcmX Ai»«Ltm «J tft* Una* Ivta* * 
ttm W» Jwuia «Uwt«r of Un «e*fe*L, Ju. m w tt n Wol J* l 
ttffl* V» ll£*r >W la U* «<«WJt, oA ft flxst-vto 

HttMiKw or thft Unsr, 4olch 1* somlftt ouNmdl^ 
t OS tfaa ocraJai/b, 1 — iitfMl rtf tU w -too WOi t**n 
pcvrUc* «n ftAUtUoftl floor lorftot-Atiaa af tha Udftl to ft i 

jox* tt^atoi aorfftcM oa tb» 1m1A» oC (£• limx and to »« 
•outlet botveen U» ooaiult «ad In* JJWor. Xa ft typloftl 4e«Lftn of tola Vrpo 
^^ftaaanc tool, ton msttoaftl of 16» n r». .t*** 4i» t*- 
•xpooAKv lorn for U» •*c«^-t^ dio, Wrf. ft^ftntlac f«*e i* ft *t»ft* 
faactico Ot Ott fttTftrjctfc, OT wU tivlckr-ou, of Utt CC**X&\ 1ft **** COa 
IUmt is- bmlAg lovtftlLftd. for ftMcftplft, in JUicf* oil wil callow 
S3 mU bmUm ftOl ftftUftft ft -wit Utft tnotlml ftwoft mooo rwralt* 3U» < 



aa*Uat*lo« of Ao pwt fbratft Mojvlnd aftr rotult U rm*tax of D* omaln* 
■c 1a WWBm *•» lamiXloa tool. X* UaTrwa t*u>x# tftw lotoral 
ftUattftftt of «M ooofc** U wamrM !*•» tfcfto ttft* *-aiol«ftbft< Un MtlU 
M» 100 tool to Vnoii ft cook la toe or otterwlft* 

► to *» «ftftii« «ao tfcc tool. 1* otftox dcftl«ftt« ««fc «o **** 
• ftfrlna nnu^mt u i* ouaftetlou *k Lb* moomL- 

(;Vlfli 41ft, ItllOV AimnnlAiftft *» ftWWW^*"** ^ cfctftirviot ■ ftprll* 
.dcMftlM kftrtoc Up AMlMd fttnoctlt 1ft w h lmW on vi.tn the ottex «i»1ob 
«bft,«et,fti«Uftft v ftod *lth too ttol Az«kU« »«ftU»l H» W«o «01 of Wft 
txndolt ftftor VrtJH pu««« ^• r « 
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Hoc* toaU at too %7V* oaffUonrO *\ow o'Wl 4M aoatoyod iu *iU-» 
Im^ la «b« grow*, it *» »*#l7 prafaiaMUD toa* A tool to «n« boo*t no 

dmMtecu vlll Wop** »tock la th» vail »r uttlM aaaaa* to «» vtLi. toy 
m& tewftit ooaurria* an » mU m» iwi". *a conaidaxaMa to— L» 
(root w«w U Mklag rapolro. 

A» »U>ot erf too irm>l iaaaatico la * fcnto* fo* «aalyii* ■ 
a^al ittf«» 1a hi asaaadlo*: «i« ar ataa? alalia? «w>mUm *• toot • 
•«U«ta* udn foao. la uirtM iMtwi a *o»* #t*«*. toofetor «*J— k la 
j^vw^ ■mmMhj tool Mr »— filial *Mlu Uim U » t«*dt, aaioa 



toto« lootaltod la ato ooaault. ftUl aocrtaoi- <*>rt «f too toroottoa It a» 
wjoMaiMj oaolly fArlmUA idutnt forca win* aarla*. * fa»Uatf 
oV>ei 1* • n***. o-r-*~°*«*** «-WU| nA l aarloc 

Arrlo*. Th<*« aaa ottar abjooto of tM umatixM> wl»% Woooo W^wit V 
raftraac* to to* f»nnMinc doMsrlptto* •* «aa iavaaaioA. 

la mc»>i>nii« vith tao promt lafaattaa ttw la pnwUtod a ooa- 
M t rar- oprlM "W^" * * aDij " m 

,M adjaoao* mU to** ooator, boorU* cantortU*. »a too 

mot ©t mis colas a* i«o** M±a Wxu* pl**o oxrftor* a*io* i«*L- 

& . tuuaally aoroajlo la raapaot rf too otoar aaa •topowaaa o» aaw. bi 
to Halt -Mm 4^ia»u« of aald »ia» a iaa wtt to o*r*e** aaa-maul 

*Loj or ■aW mlw _1 i1 o*o» 4a* njpllaaHoa Of • ooao#ooot»» : 

taoMte. la oaa orftoilaaa* <a? too t**aartloa» tbo ftora#riaa aiaatoJ 
«>4a« to+toa U aaalayat la a tof* aaaaaoiai * aatalU* Itoor Laal** 



to mt«P *» taiaafllni ftio aa^or oaalaal iaa Haar totaft laaiallaa la V» 
eaafcd l ay a cuaaiaafclally coaataat f^roa. 

My laWaataa «U to tottor — aantooi V *»• ftdW 

lag oaacrtFtdou «l to* .«wH»«ayta« dr«rta«» *l*r+u>t 

naaioo U, 11 aad 3C, to**a to«ai2ai 
Uoo*l naa o* a p r ofai rod o rtrt l l— n * off » liaar « 
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Tl^jrm tin —atiotml er th» *ps»r«t«i »t 7H^» 1A t»*» ot 

lit* 2.2| tad 

ritfu* )U» t^pl«I y^t OT i»lu« Xo»ft wm« l*ri.etLoK for 
to* cco*WH /o.«a opotoj drrioo UmmIod. 

Sifrriu to U» it**U*M, Fipn U u to. bottom pottle * • 
iimi tgaadtoj tool ftrMii lsotaUlog • •rt»iu« uoo* » • aril. *u.i* 
n*»r* u Uaavtiato* Mn «ia<U* mcU» erf noh «■ tool utf Figaro 10 vci*e» 
MRU toft Qpfar Nitt» oT t»a tool. n^MrfUtf tool U ll to 

wUMMTt VtAl HHi( Ifl oaajliao, *J topl-OJfr, aft? to Wg* ft» too 

■Tom tkraa* • ooH aaotog (x»i iter*] to ft aotot la v*>+** •* it 
i* iiim l to IsotoXt • ootolllo Uoor. P*ftr» tooortlag too tojl lato to* 
wll, n alomptod aorttcaUy aam|iM I Loft? 1* ftoricatol two «Ud rt*^L, 
or ttoor ndtotlo -on-okio Mtema, 5. pi~*o on tto kol. «*™^t*4 
ilatx i» otoand to jo^tdm *j oia/toot tt it* \*v*r oofl otto » ejltndrtiml 
■too]***- iMkr 16 «t tto Iomot cod fcj awW «lto a. Tlrrt-»t*#3 wpw** 
l^ttilTUtte form of * tnoxoreod drwkr «uisl> imw *• * /It*v- 
rUea - mr^'-t 41 » U too htrtuwftor deoaxttod • Tto •*ff**>Ain* dlo U 

flMdlr M^M to ■ eostooXly l***tod. oli****** irJJMrtcml toLkw »b«ft 1* 
toiofe fun* a jartlon of tt* toAij or too tool. to oto**, u» exp^du* tto 17 
U bald la plaot totoaaa • law totutoor 1? nd collar Jl uaaodod onto U» 
•Mft. . A pWsliVj OT aoisito w» 89, orottuobly t™tv14#* Mxtootdl* 
«mr^a yortloto 83 ***r to* top; dtopoot* in toa Item at » of UnUr 
aroMHl ikafl l£- Tao aalaijaa parttoaa o« i» wm *3 *a«o» tola* *°"* d 
«ai41r ocwto*^ too U— r to aovfttoa too £Laal oto» »r uj^nitoc too oaxroa«Md 
llaor lata o orfbotowttoUy v uouriool ahof». Tto u« oorfh»r» K an jiaotall? 
rftt«a»4 to tto aaatt ao ao to to aoatolo oatoa*«iy m» too AoT* ty * xapow* 
vksvAXd* aatoor a* OiA*hij Qo^tooood on to» to *• a ooooad-oto«» 

wcdar. S» .ario« of too >b»W afc, « •bow, -c^« ^oidli olooa too 
otoTt to ^to too mi cod o»to toom otttwrftJj. MtoatoaMnwly, too 

lnoido atarftaao of tot aflto and tta onto Wo oarfaoo of oatwdiag aombor 2* 
for. •ontoi »aatla», VpiooUr ooto«p>> i to toopo. no aaaaaalto tt tto •» 
M^r* U oootrrOlod >y too poalti™ of to. oootor M itlcb mom m»«jdU 
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«rtll It COOtaotG *bs*lA*x 86 prorldad oo Vk: r4j*T< . A* mmhmt K l» * 

doonrt^ dixroUo* *n»(Qlf<U IKMTAljr tc**r* tfc* Ahrft- ft* ew-lW 
itm 22 *xa tela lo ?!*•• a* tk» abaft h7 ceU»i *T ood euncmUr grrow aO 
prandad oo too toatt. 

tta mxfmnUr* t<*l, «a*ari*li* U» a~*-«t*#* dl* aad tfco MOMA- 
«tA^ dl* i. ftrwra tw^i tM llaar to oram* I* to *l*oo la tot oui**.. T*o 
flMUit^ 41* pnrtd— 4 «TO*a dtfCKaation 7< <*■ llo*r oo that It 1» 
ttUDtad «rt*«rtU **»l~t too aaH of too «- o**Bod-.tot*, **• **** 

fum tteoajp to* U»*r ui «arfo*o> to* »o*l *^***ioa to «a*t* to* l*** 
30 «*f to* urn and te wvtti. aar* t*M ooatoot orV**»* «* Hair tod 

to* iiU or tM cans* «aft «fff ■ n^-uahi. ml. 

2a ocarattoa, to* lto*r aattlna tool 1* a**a* * aad at to* anrfacc, w 
do*orltoa *oo*a, aad » |Um> cltfto **tar»t*L with a r^Wf Mimtl noy *e 
wxw* oaal tM eorn*tt*d Uttm to Com U* lloor. to* U Wrt* 

i*t© toa **U «* to* looaUoo at vbiea to* ll>»r !■ to bt Mt. k Alqidd, aoeh 
*» oil, t* tW 110*41 if aodar prMim dow to* wll tnbLa*; mi. flat toxtfl** 
ttt wMtMT 29 piwiM I* collabad iM 51, tow** fort* ^oH^ 

an 33 poBOQOtod «r to tt - rW ■oaaldcr ^- to* o^o**** or 

flalA PPOTOUX. to tot eflUAt, too alotoo * hw- to j»ll.b«d m» 51 ao*M 
«j**rfl> la o 7 H»4«r J>. A» too*-, xod 36 o***ato polStol roS >1 o-d •haft 
1* *»** «Meb 1* amtol tto rurrt-rt*^ tjij— im « dl* IT. W« U*. J*»*oa * 
mh woMly torvato to* ayllodor » too **»oodto C dJ. yi .-A 
•to*a dl* i tt *r* dxouo ^oaralr toto toa oon^toi llaar 1ft and 1n» oat- 
tte «omaauooa u too llovr, oo toot to* m oo fl i n umi wmy oootoot to* 
taait* aaU of too oaalif 1» tolat tt la tolaf laatollad. FtwltSoaod e» to. 
ataft MtUof O- oxvcadlad aoaW * U • onWA W»o sprtoc xaatoir 37 *Mo* 
l* .^lo^ to «r*» to. aip«Ml>« «-to«r • 4 ^ln>t «* oajoodia. mam M alto » 
wb.b-rtUllr -aauat farot. tbe r w «. iwM a^atort too tx* -nttdro tola* 
•abiUDtloUy iwa.taat f too Joroo y*»«otttoa U>ro*> too am aaator* to to* 
50 Umr ood to to* outo« fill to ptoatoatloWy ooootwt U»t altoax »ttHn«« 
U too tool ia too cMif or roDtam af too ca«H* !■ ^aolMfloO. 0t oooroo, 
cbrto yroVlood Vr too asrtot « J«aaol*«tod to to*t to* friottooal 
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/OTOtt UtVNO the teol lOO llOOT Oad tOO OWUd «#MOtt too «M- 

1D4 crt oolot*loo4 «l orttotoxadood oof* benrtmt «uu «pa±M 

— ^ unit., t**t iim tattoo* fMNN Vrtw V«* Umt lamia* poruco » 
of tt» *x»« 73 1* put kxm«* Vi prondt U» fcvUo* *trt»ttl<«i of "Uwi aw- 
lAfe Vttlt irtMBUlg dtotco to UM «Ulfl< or to *»* tool. 

The «9«»t«t foroo torW 37 It HUVHJ ootxoto4 on v» .oon; 

)ft Ml WWm too «xpw41« UM<it MiOll cyTlartrtrwl iMr ciotaldo* 
oodbtr 99 fcmUc • portion of * 4Ut*r«rtUl ktw i l i— t » iddoo Woolti 

lofttlOO, OB t>**«« I * ft *> OOOOOT IS. ^« tflffONBtl*! 

Av Ifl M tM octette ■* 0*100 w^«U toxoodo 
■tare 3» jrorldod «ith tfcrwlt 96W MM totoftlo 



S^kv U prwl*U4 rttfc thMK *la tod 4l* t» ootoldo «A to* I 
Tc»pc*U*«lr, U ~rr *it* tkr^l# on atoft «d too .boatur. 5ht two 
of Hi i «m K»m> rofe «J »«?awi, oo&lttrt •* *rw«*, 

V> vitttttoi vwry io»do «t «f»«r i* jite* «o t*a ooootttr 59 It 
^Wlly om to* tf*ft ift «boe too ibtfl lo owoiwd nlrtlw to thlafcU *L 
fi. ■totmlfr- 3* io N«aM to too tb*f fe IB V *»m-t *j » o«t it cm tlldo 
lagltatloolly. tat it U »n root to nUX* go to» daft. Tlwily orioobad 
to too low to* ec too ttHoolo u o rtictico oswttar, moo ot ot* M^aoo 4*, 
» V>oi«ttUomUy totuotod trlotioa jod, or otter we* iorlot for fttouoaoUT 
M^AOtof «lth tot lottdo mil of to* toedolt to occoro t 
roUUM vltS »«op»w% W too oWt. FioftroUy, ** dUootto* c 
ooooor Iteood* Jft» lo *b» * «o toot of to* short ttoo o d* Ife, ••«• rijlxt- 
oood ttuinlr, ool to. « l-oo, of ttroli ifto U lU^tljr grwtor ttom 

tooo of Mmooo 56m, wiia too pdtoa io44o Wio* oloo» V> ooltj. I» 
— U t tfiook-»l»o r^muoo of tot <h**t mloUtt to too thloolo oooooo 
•oooloor ii -T" 5ft to otmooo opoort tUo>tij tod » oOOOMMloo looft 5« ootrtod 
op^rtly on oprtof olo-ot 57 to orate wolo* FtTT «o*j**, oao totltrottory 
ftilf •rootlol «r»o w ood* up uUo* fl~ t»l oot^holf vW-odt/ioch »wm 
tOrooflo to 4 tOOTt • S prt«So««ol7 1.7-lneb ootolOt dloootor tod Clto ool ^oroi- 
tvrton tortodt/i^ «r» u » W^rt*** ™ • «K>raKlootoUr «.5-loo^t 

IaMjU dioottor. 
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1ft. tfepor fi*t% mmj^ct U lo «otwt vtth th. a*»r oaftj of thr 

saw m4 l» »Ht*»l> t^itijaoot ar> «fa*rt ifi to **>• fnrco of the 

•pri** laofltaaiMtU? i^uvt Ua Vatfe* •«* or Icmot 
tat*** oloto wpiW U <n*M* th* *o~' «*• of the xiW tt& 11 nortd 
mjmhoAj •loan Oo M«ft by UadtaAlB^i n w rt of «ottio*r JB • 

rw.lt of rv««i«M iilfozcctS«l *l—°-t 3?. ar«^» W «ro prprt**i 
1m tuft or u» >2»W*. to font «■ w » l*»» r **** 

v^, mu of %b« go! "— fauoortoA. 1b»«* groom* ojqt tiMjMd to 
op**o» wit* th. ^kfo »r tfto coImmi «tf» tff ft*«ir«4. A^rte^b. 
«v)oj04 to ojeo1*>> ftv^U- Mttw fnm %h» ooefeoodtM •*« to proUet 



. UatliUc tb* daflooUos of um eolam It r**ulrad. 
TTI fwOlCMO In • taoattrt BOMUtlOO, «p»l±«»U«> of 
•U* J00A thoroto *owU mum total f»iw* or nyUu - c of t*« 
velvm*- «*r«f«r«, * of ***** *9 — * *5* pwlW Ia3f parro-e. 
A* tea, u» «top» n» rtii«if canoctot *» to. ^ »)*u*, to 

•fftet QPMPTIM «W»T «M IOW liXlU^C *1*«T** J«»iUoc-4 CO tb. **ft tO 

•Hoc joo*itDdu»Ur tbdrooa. oo4e or to. .tap* mV* «o»* **r*rf, or w 
fn», «*oL oth.r wtk.iMai»tt» iyrU« istar *«***. low #U*t» *9» 
|. f^kteft fro. te>>r^ 0*ou1d« 9ft .oM~t* to »* — «. 

fcwrcr, U* '-■ WtaM> UM aA» !• *Mb m to limit t** loa«StMUjMl 
Wtftti b*cri*.. »!**• — w» - tMyipn to*-**** to ?*v*m+ mmmK 

i^tMMtlMl Of tbO oalOKX OtMMXt »ltC«M»tlfM MM»* for ffMYMZt- 

lae MM|» to the 0O3M- «J— tot m* aim >• 0^007^. rcr uopU, ^uu or 
Tln^ MOtoA a tft* fA«rft M9 oorv* *-f »top«, or' tho oo*»r *8 mrorlteo 
•«lt>t)l« OMMatiat W M^li^d fur ovi« pmpooe W ii«it laa«luaL»i 
a»d/ci- kUPU ttonoctSM Of ooUmo*. 

Ttm oq1h» of too coliao elfMOBt 43 mm/ trwac** crooM a» 
CMft 1ft, ^Hoh m ftm row* * fortioa oX too body of »• ^rlm 

•rn M< «ith «U of «w «olMM» mt^i^tM r«oMi » T . -yb* 
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ncwd elANl? *o&i*m* ■» ftnoro, or t* •nwtf u« /ft**, tltti jkv- 

#«ta» uod ksWi t>— to »tl»te4» the o«ul«* ftp^ing. >*-U*J ■* 
ocUwm M>l^r«d will 4i^<r np« calm ch»"*uULfl»tlc» and tto -UffUU of 
ocbjIjunUoo. for envoi*, »ind«TXM*» r*tlo pr tbt colian mj w mrlM 
*tt»Oj, ^ n» ccl« «*» -aj -b* raod, fl*t, rix»i or hmaftd. 1S» pr*r»w*d 
mV^McM l« ft tkU, <«J»x *d*fc iww*-a «so*» fr*o to 

th» r*»*« ->-t-d, to «• «rmi4ir* ar tte oolvn tatvrtti* **/ W 

•*ti«f*etorli» tmpiayti for U* ftp!— M nro **+m aad lov •Uogr 
cbrc*d«- ft* »tttolHf r*«l«. -ft*U»» «PHf W ftll**«, na 

10 ~ i****** Kfj«-, Vvo *d* xioltl ftJlwyu ma OttftT ftlMlftT 

Mt<ru)f »ro»i<i<«« *«UBf»ctOT7 FKJJ»rt4o». T»i*ftUjr, th» U4A- 

TUhml oolnt* «t«rkH TC»W»*i*» eroo.^»ctio", »in t*. ttAtfc Wi M 
(rofttoy Uttft *W L*Xckn*M, «n« • r-rtnjft)*! to Uftwi V- *»d*r XM* Cf t*« u>HftftMi 
U soasMJ to loft rtlftftitn of !*• ***T\. Uxtm, viu» wtrttcUDt cc-*««**»o» 
loading, V* oolomm >«ckl*, «nft fc*ad ftboot wl^ ft«vw»fl U* ioftft 
of iwiti», o**t**xdljr o«y hw U» •»*« IS. 

for ««pla. ft free* cf eolw** D.ltt-loca ttolo*. *y o.^lato *iftc 
V 10.o>6»ladtao lont» to* «a&» wrt r«torio*t«*. l.X.e.I 

*3fco qwuM •>« Atftwa »t 573*7- ool««i *■» to roffrfrft ft 

ft) critdoftl wi^cftftftlatt lo»dW o/ S50 poasdft l« to tackle 1*» «Alw. 

. Aftvr VntllftA. tho m1«u fftftod to • «7 «pcUt d»»«*ctori»- 
j* Me, m ikon lo 5, «d»ni» P« K U* orltiftftl ^ ^ 

j o royr— «to U» loftft ft«A toflorttoo ftt «tt* ** «Lr**» U H» «bt» 

or th» ftaW .Mftoft to. yi»\* ?«Ut of tho -ferUl. fUonrtloftOXj, ftto^i 
or tkU si-^c Bbftrftfttortrtlc ow »• «to.«rtboa t«j <ww Oft'ABO. Aotoftii,, 
(Ml csarra 1* 4r^>rlMl V 0"° *** *♦ ««otdoo i» too Fotoft* a on* ■ 

ToproMftt t^tofti U-rti*, "Alt*, «f <N»m, -ft* U »ftrU« ftccwtUaf to 

h>^*^°o *** tb * •prii>« t» dtH^id. Tor mxwM&M, wtowr • J«r«t 

a^bftr of flootM o»«J»» ■« not »*d«4yft*«l, ■ wrtdo« *tx*M jum* talov th» 
30 ytoU point »7 »• »lth • fie**. i»*»r of flftrtroft, ih« «mkm< 

•txftft* aft? V* told «o Xaob t**ft tbft ftn*OTu»c» U»lt of too ■fttftriftj flf 
Hon. Ift U» «>ip«».B»viSooftl t**t«. tbft Uft/l«rtloa ™ lUfttftd to 
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op,rc*i»t»l7 one UwK »t d«fl*«*»- opjro«U*UV 

0.225 Tro- -ro «»fl»otloo to u» maimm difl*riv», u* ^KWd 
Joodl&t iu *e«o4 V? W MAwUBiUll^ oOflftUttt. 

obUM, Nift MTU* ft bacfciii* J*od «f 1*5* V****' 1 * t « l 
ftKflooVU* « Ujk1W4 Mmmb 0 nd tint 3 -OO lOChoo bf WJ|1»U1| poot- 

UM i M tto «^ *c» taamMiejol U»«u* ite ,ort«« «t 
(mafcllo*) to o*o«t 0.15 I 



to <»UlJi «te wrfM* lc-***i*oi iti-iU- eur fpoeUIM 

,U»oo of lo*#**l d*fl«tiom f oxltieol botklW lot*, omii*«ua»« 
tfM otrooo to tb* colmem *x o oofo lowoJ- «• oxrfKrred ooJw*, tfcoro- 



tft tfeo opttttt» or th. ibo^ uo*«lft« tool for »«tM»f • J 
lB t*» aofe~«o %od i* t**o to* « ~*t*o»i "bow, 

rttfe U» W~ Q U» rtr*~W4 t*o» ik. W i« tho aoatrol 

83 «• t*do« io .**ol*o4. *» friinifiOl aortox * W* «• 

„ n ^ ^ ooaaaf 'oaa mojU thlaOO* *1 from rtwWi*. orrml 
r~**«m* of M» *~r ri«M«r » H *W *U V, dlff~o*l*l 

* to cpriug 3T to* « *rod«*«io.t rrtiiooi 

: i« tnojodtto* w-«ar *w «* «* 

4, mad lto Uv*r«d carfooo K twfMt o* 

» of tta »n- SI to tho WW «t«r*U * o^ot M iWllr 
, yKsparidoooa to t)» aritltmJ *»Mllfli 1«* ot «pPi»« 
oxpoa&lof tool If ttrw^ »• Uoo» to 

I It 12 tbc «o*n« la Uk mmt A*»criUd fc»^»tofoi». 

ffiroanttio; Aoccrlptloo of o »«if««d oo faAii^ •* «J lB*oo,tt0ft 
, W« d*o* ro» tte porpooo ol tartM*. It *11 

► MtirioaUoM it th» iiUUi o* emmUmrtim riXL Woo 
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r.r. . 



73*288 



twti, them f*U vXtAlA tfc* «plxlt 
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